Objectives-Arthrocentesis is an important skill for physicians in multiple specialties. Recent studies indicate a superior safety and performance profile for this procedure using ultrasound guidance for needle placement, and improving quality of care requires a valid measurement of competency using this modality.
A rthrocentesis is a common bedside procedure; therefore, it is important to carry out appropriately to ensure collection and proper analysis of the obtained synovial fluid specimen, as well as to ensure patient safety. Although the procedure is critical to diagnosing many forms of inflammatory arthritis, if done improperly, it can also lead to septic arthritis and other important complications. 1 The use of high-fidelity ultrasound to guide insertion of the needle during arthrocentesis has been shown to increase the accuracy of needle placement, decrease patient pain, decrease costs, increase fluid obtained for analysis, and increase provider confidence. [2] [3] [4] Ensuring that residents graduate with the necessary skill to perform common procedures is an important objective for a successful medical residency program. The creation of performance standards for such skills allows residency programs to reliably demonstrate competency in their trainees, identify areas in need of remediation, and compare educational techniques. Thus, the creation of an assessment tool for the completion of an ultrasound-guided arthrocentesis will benefit educators as well as provide a tool for quality assurance.
Many sources are available that provide instructions for arthrocentesis. 5, 6 Current resources, however, lack feasibility and standardization when trying to consistently assess inexperienced physicians such as residents, and the use of ultrasound is not commonly integrated into procedure details. The modified Delphi method has been used to create checklists and assessment tools for many procedures, including ultrasound-guided procedures such as central line insertion. [7] [8] [9] [10] The use of checklists has been shown in many settings to lead to increased quality of care. 11 To our knowledge, no tool has been created that uses a structured derivation technique such as the modified Delphi to create a standard performance checklist for this procedure. The goal of our study is to create an assessment instrument for the completion of arthrocentesis with ultrasound guidance using the modified Delphi method.
Materials and Methods

Study Design
The modified Delphi technique was used to derive all of the steps in the checklist. The Delphi technique is an accepted method to develop consensus, and builds content validity by eliciting expert opinions through multiple rounds of questionnaires and item revision. The use of expert panels, such as those formed during the use of the modified Delphi technique, is an accepted method by which medical checklists can be created. 12 The institutional review board at the study institution approved this research.
Study Protocol
Our research team included members with experience in competency standards derivation as well as bedside procedures; they were well-suited to develop an initial checklist to be used to teach and evaluate residents on ultrasound-guided arthrocentesis. The team performed a literature review using PubMed for publications ahead of print up to January 2015. A search for English-language articles related to ultrasound-guided arthrocentesis yielded 24 articles. Of these, none included a structured derivation of a checklist for ultrasound-guided arthrocentesis. Therefore, we endeavored to create a consensus-derived checklist for ultrasound-guided arthrocentesis using the modified Delphi method.
Ten participants from six different institutions with varying clinical experience and training, including ultrasound directors, sports medicine faculty and fellows, and emergency medicine physicians, with expertise in these procedures comprised the expert panel (see Appendix). The research team selected experts based on their experience performing arthrocentesis with the use of ultrasound, and they were individually invited by members of the research team. Study data and Delphi polling were collected and managed using REDCap electronic data capturing tools hosted at the study institution. 13 The participants were not made aware of the identity of the other participants, to avoid influencing their recommendations based on the opinions of others.
Relying on available literature as well as clinical experience, the research team assembled an initial list of 28 steps in the checklist (Table 1) . We then achieved consensus on a revised form of the checklist using a modified Delphi technique consisting of two rounds of polling of the expert panel.
Participants rated each item on the checklist based on a scale of 1 to 9, with 1 to 3 labeled "not important," 4 to 6 labeled "somewhat important," and 7 to 9 labeled "very important." During the first round, participants were also given the opportunity to make suggestions for editing the language of the checklist steps. The polling form also included a question asking participants to suggest additional steps on the checklist if they felt other items were warranted.
The research team decided a priori that any item receiving a mean rating of less than 3 would be dropped, and any item with a mean rating greater than 7 should be included. Those falling in between would be subject to a vote by the panel members. After the first round, the research team reviewed the results and revised the checklist based on comments from the expert panel. In the second round, participants were provided with aggregate response data as well as edited language, as suggested by responses in the previous round. They were then asked to rate the items again and make further suggestions. Consensus after the second round was such that polling was stopped.
Outcome measures include experts' mean rating of importance (on a scale of 1 to 9) for each checklist item, and the degree of agreement among experts on the checklist as a whole, as calculated by Cronbach's alpha.
Results
The response rate for each round was 100%. Mean ratings for each item were calculated at the end of the first round. Items were also critically assessed for clarity and revised based on comments made during the first Delphi round. In all, 11 items had changes in language in response to comments made during the first round, and two new "combination" items were created by combining a total of five original items. Thus, the checklist and response data are represented in 25 items in Table 1 ; of the original 28, five were combined into two "combination" items. Three items were dropped from the checklist: All three had a mean rating of less than 5 during the first Delphi round, and based on comments made by participants, the research team voted to exclude them from further consideration. The expert panel participated in a second Delphi round, in which respondents were given the results of the first round as well as the edited verbiage and items and asked to rate the items again in terms of their importance. After the second round, no new substantive comments were made and all items had achieved a mean score of greater than 7. In addition, each item was rated as "very important" by at least 70% of participants. Thus, the research team decided that consensus had been achieved and further polling was halted.
The final, consensus checklist contained 22 items. Cronbach's alpha, as calculated using the second round of responses, was 0.89, indicating an excellent degree of agreement.
Discussion
We believe this to be the first attempt to create a procedure checklist for the completion of an ultrasoundguided arthrocentesis using the modified Delphi technique and a panel of experts from a variety of specialties. After completing a literature search, we did not discover any studies identifying validated checklists for the completion of arthrocentesis with or without the use of an ultrasound. Through the use of the consensus-building modified Delphi technique, this project has resulted in the development of an assessment tool for the completion of an ultrasound-guided arthrocentesis, and provides the first step in a validation process. Creation of this kind of instrument to teach and to assess competency in trainees should lead to improved standardization of technique and ultimately enhance the quality of patient care when arthrocentesis is necessary.
The final version of this checklist demonstrates a high degree of agreement among a diverse set of experts on the completion of ultrasound-guided arthrocentesis. Our two-round iterative process afforded our expert panel several opportunities to recommend changes and compare and rate items, leading to several amendments in the checklist. Each item was closely scrutinized by the research team and edited as themes were identified in the comments from the experts. As demonstrated in Table 1 , there were a large number of changes made at the conclusion of the first round of polling. The number of changes made after the first round directly resulted from significant engagement on the part of the expert panel, as reflected by their comments during that round. There was 100% agreement in round 2, likely the result of improvements in item wording as well as expert awareness of panel consensus. Items that appeared to be reflective of particular clinical settings and institutions, or that were revealed as such through the comments of the expert panel, were modified or dropped. In general, the research team made an effort to ensure that the language used would truly reflect consensus and would be applicable across contexts. The expert panel appeared to ratify this effort by their votes in the second round. Our expert panel took several positions that were notable. Panel experts strongly agreed that obtaining informed consent, using ultrasound guidance to identify the area with the largest fluid collection, and discussing return precautions were critical when completing arthrocentesis. Experts' opinions on personal protective equipment during ultrasound-guided arthrocentesis varied widely after the first round. This is likely due to fact that although experts agree that the procedure should be done within a sterile field, there is not a defined standard as to what personal protective equipment needs to be used. The panel did not feel that applying traction to the joint during needle placement, holding pressure over the needle site once removed, or cleaning skin with antiseptic solution after the synovial fluid sample is obtained were critical steps; therefore, these were removed from final checklist. The panel did not feel that any steps needed to be added to the original version of the checklist.
This tool should have a number of potential and immediate uses. It could be used to teach the steps of the procedure to a novice or to someone who is new to incorporating the use of ultrasound into the performance of arthrocentesis. It could also be used in performance evaluations for resident physicians or other trainees. Furthermore, it could be used as a guide during clinical performance of this procedure, or as a way to measure the quality of the procedure. Although we believe that the use of our structured derivation yields evidence of content validity, studying the use of the tool in those environments could yield further data on its validity in other domains.
There are several limitations to this study. The checklist is intentionally limited specifically to the performance of arthrocentesis using ultrasound guidance, because we believe ultrasound guidance for this procedure is becoming the standard of care for many patients based on its favorable safety profile and improved yield. Therefore, it is not applicable to nonultrasound-guided procedures. We attempted to minimize institutional or specialty bias by selecting our panel from six institutions across the United States and by including experts in the fields of sports medicine, ultrasound, and emergency medicine. The fact that all of our experts came from these fields does introduce the possibility of bias, as there are other specialties that could benefit from a validated checklist when performing ultrasound-guided arthrocentesis.
